BACKGROUND: Because anaplastic thyroid cancer is a rare malignancy with a high mortality rate, the benefit of multimodality treatment was evaluated. METHODS: Overall survival was determined in the 2742 patients captured by the National Cancer Database who were diagnosed with anaplastic thyroid cancer between 1998 and 2008. Kaplan-Meier analysis and then Cox proportional hazard regression was performed, controlling for patient characteristics and treatment. RESULTS: Only older age (adjusted hazard ratio [AHR] for 85 years 5 3.43, 95% confidence interval [CI] 5 2.34-5.03; for 75-84 years, AHR 5 2.85, 95% CI 5 1.97-4.11; for 65-74 years, AHR 5 2.20, 95% CI 5 1.53-3.15; for 45-64 years, AHR 5 2.08, 95% CI 5 1.47-2.95) and omission of treatment were associated with greater mortality (omission of surgery: AHR 5 1.79, 95% CI 5 1.61-1.99; omission of radiation therapy: AHR 5 1.56; 95% CI 5 1.41-1.73; and omission of chemotherapy: AHR 5 1.28, 95% CI 5 1.15-1.43). In subgroup analysis of patients with American Joint Committee on Cancer stage IVA, IVB, and IVC anaplastic thyroid cancer, combination therapy with surgery, radiation, and chemotherapy was associated a difference in median survival of months. CONCLUSIONS: Multimodality management of anaplastic thyroid cancer results in a marginal treatment benefit. The poor overall survival of all anaplastic thyroid cancer patients, regardless of treatment, emphasizes the need for informed patients whose preferences are incorporated into treatment decision-making. Cancer 2013;119:3133-9.
INTRODUCTION
Anaplastic thyroid cancer is a rare but deadly form of thyroid cancer. Even though it accounts for only 1% to 2% of the thyroid cancer cases each year, the relative 5-year survival of patients diagnosed with this cancer is a mere 7%. 1 Anaplastic thyroid cancer is more common in the elderly, and it almost always arises after preexisting well-differentiated thyroid cancer. 2, 3 Because anaplastic thyroid cancer is rare, there are very few studies with a cohort of patients large enough to adequately assess the effect of treatment on outcome. Several single-institution studies with small sample sizes (N 5 25 to N 5 134), have conflicting results. [4] [5] [6] There are international and Surveillance, Epidemiology, and End Results (SEER) studies, 2, 7, 8 but even with these studies, the largest cohort includes only 516 patients. 2 Recent clinical guidelines advocate combination therapy for stage IVA and IVB patients who want aggressive management, 9 but the benefit of this multimodality treatment is still unknown.
We used the National Cancer Database (NCDB), which includes 70% of all cancers in the United States, 10 to evaluate overall survival in the 2742 patients diagnosed with anaplastic thyroid cancer between 1998 and 2008. We hypothesized that there would be a statistically significant difference in survival with more intensive treatment but that the median difference in survival by months would be small and possibly clinically insignificant.
MATERIALS AND METHODS

Data Source and Study Population
The NCDB is a national cancer registry that is a joint project of the American College of Surgeons Commission on Cancer and the American Cancer Society. The NCDB captures 70% of all cancers in the United States, and all data are coded and reported according to nationally established protocols. 10 
Measures
Because anaplastic thyroid cancer is thought to develop after well-differentiated thyroid cancer, 3 we divided age into categories that are known to have survival implications for well-differentiated thyroid cancer: 44, 45-64, and 65 years. Due to the large number of patients 65 years, we subsequently divided this cohort into patients aged 65-74, 75-84, and 85 years. Because there were a small number of races other than black or white, the Asian, American Indian/Alaska Native, and Native Hawaiian and Pacific Islander categories were collapsed into an "other" race category. Ethnicity was divided into nonHispanic and Hispanic. Persons of Hispanic origin could be any race and therefore race instead of ethnicity was included in the multivariable analysis. Insurance status was categorized as the following: Private/government, Medicare, Medicaid, Uninsured, or Unknown. By matching the ZIP code of the patient recorded at the time of diagnosis against files derived from year 2000 US Census data, income and education level less than a high school diploma were assigned to each patient. By matching the patient's state and county Federal Information Processing Standard code recorded at the time of diagnosis against files published by the US Department of Agriculture Economic Research Service, the rural-urban continuum variable was created. Treatment information included surgery (total thyroidectomy, lobectomy) or no surgery, use of radiation, and use of chemotherapy.
Statistical Analysis
Our outcome of interest was overall survival. Univariate analysis was performed using the Kaplan-Meier method with log-rank statistic to detect differences in overall survival.
Cox proportional hazard regression modeling was used for multivariable analysis. If the 95% confidence interval (CI) of the hazards ratio did not cross 1.00, then the relationship was considered statistically significant. Table 1 , the majority of patients with anaplastic thyroid cancer were women (61.9%) and 65 years or older (69.5%). The mean age of our sample was 70 6 12.29 years. Eighty-six percent were white, 8.4% were black, and only 4.0% fell into the "other" race category. A small minority (6.0%) were Hispanic. Consistent with the older age of the cohort, 58.1% of patients had Medicare insurance. With respect to treatment, surgery was omitted in 47.8% of the patients, radiation therapy was omitted in 39.0%, and chemotherapy was omitted in 59.2%.
RESULTS
As shown in
Kaplan-Meier curves ( Fig. 1 ) illustrate survival in patients diagnosed between 1998 to 2008 based on treatment with surgery, radiation, and chemotherapy. The median survival with total thyroidectomy was 6.2 months versus 2.3 months without any surgery. Similarly, treatment with radiation was associated with an almost 5-month median survival versus close to 1.8 months without therapy. Chemotherapy improved median survival from 2.3 months to 5.9 months.
On univariate analysis, younger age, which was age 44 (P < .001), private insurance (P < .001), lower education (P 5 .021), and treatment with surgery (P < .001), radiation (P < .001), and chemotherapy (P < .001) were associated with improved survival. As demonstrated in Table 2 , as age increased, the likelihood of death increased. In the adjusted model, only older age (adjusted hazard ratio [AHR] for age 85 was 3.43, 95%
Original Article CI 5 2.34-5.03) and omission of treatment were associated with greater mortality (omission of surgery: AHR 5 1.79, 95% CI 5 1.61-1.99; omission of radiation therapy: AHR 5 1.56, 95% CI 5 1.41-1.73; and omission of chemotherapy: AHR 5 1.79, 95% CI 5 1.61-1.99). We had data on comorbidity from 2003 to 2008. When we re-ran the Cox proportional hazard regression with this smaller cohort and included comorbidity, having 1 comorbidity was associated with AHR 5 1.31 (95% CI 5 1.13-1.51) and having 2 or more comorbidities was associated with AHR 5 1.63 (95% CI 5 1.26-2.10). The addition of comorbidity did not change the relationship between the other patient and treatment variables and overall survival. Figure 2 shows the Kaplan-Meier curves for the more contemporary cohort (2003) (2004) (2005) (2006) (2007) (2008) with N 5 699. Median survival of stage IVA anaplastic thyroid cancer was 9.0 months versus 4.8 months for IVB and 3.0 months for IVC.
In Table 3 , we evaluated combination therapy in 244 patients with stage IVA anaplastic thyroid cancer, 242 patients with stage IVB anaplastic thyroid cancer, and 163 patients with stage IVC anaplastic thyroid cancer. The longest median survival in patients with stage IVA was 11.2 months in patients who received surgery, radiation, and chemotherapy (P < .001). Surgery and radiation, without chemotherapy, was associated with a median survival of 9.3 months. Patients with stage IVB had median survival of 9.9 months when they received surgery with radiation and chemotherapy and median survival of 5.9 months when they just received surgery and radiation (P < .001). Patients with stage IVC had a 4.9-month median survival if they received surgery, radiation, and chemotherapy and a 3.5-month median survival if they only received surgery and radiation (P < .001). Only 10 patients with stage IVC anaplastic thyroid cancer received surgery and chemotherapy (without radiation), but their median survival was 8.2 months.
DISCUSSION
In this large sample of patients treated across the United States, younger age and more intensive treatment were associated with improved survival in patients with anaplastic thyroid cancer. Within the subgroups of patients with stages IVA, IVB, and IVC cancer, more intensive treatment, specifically combination therapy, was associated with a statistically significant improvement in survival. However, the difference in median survival was consistently 9 months or less with the survival difference in the highest risk patients often differing by only a few months. This improved survival may be related to treatment selection bias, whereby the healthier patients with less aggressive tumor biology are more likely to receive treatment. Previous studies of anaplastic thyroid cancer have been limited by the small number of patients included in analyses. 3, 5, 6, 12 The results of these prior studies have been conflicting, with some finding no survival benefit to intensive treatment 4 and others finding survival benefit with surgery plus radiation, 2,12,13 or a combination of surgery, radiation, and chemotherapy. 5, 6 Interestingly, in our entire cohort, the hazard ratios for the subgroups of age > 44 years were greater than the hazard ratio for any individual treatment: surgery, radiation therapy, or chemotherapy. When we controlled for comorbidity in the contemporary cohort, the relationship between age and prognosis persisted. This emphasizes the relative importance of age at diagnosis in survival. Although significantly associated with survival in multivariable analysis, extent of surgery, use of radiation therapy, and use of chemotherapy were associated with a small absolute difference in survival (median survival closer to 6 months instead of near 2 months).
When we restricted the analyses to patients with AJCC stage IVA, IVB, and IVC cancer and looked at combination therapy, we found that combination therapy, typically comprising surgery, radiation, and chemotherapy, was associated with the longest median survival. The largest difference in median survival (9.3 months) was between the no-treatment versus multimodality treatment in the patients with stage IVA anaplastic thyroid cancer.
The survival benefit of these treatments should be taken in context of the risks. Weekly doxorubicin (10 mg/m 2 ) with radiation is the most commonly employed chemoradiotherapy regimen in the treatment of anaplastic thyroid cancer.
14 However, no randomized controlled trials are available to prove benefit for concurrent chemoradiotherapy over radiation alone. Justification for treatment is warranted, nonetheless, in an effort to save patients from the devastating complications of suffocation. The potential benefits, however, Figure 1 . Kaplan-Meier curves show (A) overall survival of patients with anaplastic thyroid cancer undergoing total thyroidectomy versus lobectomy versus no thyroid surgery, and overall survival of patients with anaplastic thyroid cancer on the basis of receipt of (B) radiation and (C) chemotherapy. must be weighed against the toxicities from chemoradiation. Skin changes, pharyngoesophagitis and tracheitis have commonly been reported. 15 Toxicity can be lessened to a point when hyperfractionated radiotherapy is administered. 14, 16 Daily radiation doses, exceeding 3 Gy, increase the risk for myelopathy. Hence, each patient's treatment plan must be tailored according to his or her performance status and other underlying comorbidities. Finally, malnutrition and weight loss are also of concern in patients with anaplastic thyroid cancer. In one institutional experience, 76% of treated patients experienced a median weight loss of 5% (range, 0%-20%) of initial body weight at the onset of chemoradiotherapy. Percutaneous endoscopic gastrostomy tubes were placed and were required over the long term in almost 30% of patients. 17 A limitation of this current study is that it is a descriptive study and, unlike randomized controlled trials, does not allow for stratification according to factors that are associated with outcome. Although we did control for all known patient characteristics, it is still probable that the ability to resect the cancer correlates with both the likelihood of surgery and the likelihood of improved survival, thus leading to treatment selection bias. Related to treatment selection bias with resectability, it is also highly likely that patients who are more fit receive more intensive treatment and that their longer survival is related to their health status rather than or in addition to the treatment modalities received. Additional limitations of this study are that intent of therapy, ie, curative versus palliative, are not clearly defined when using data from a large national registry and that income and education level can only be categorized by ZIP code/census data. However, previous work has found that use of census-based socioeconomic status is valid. 18 By evaluating this large cohort of patients with anaplastic thyroid cancer, we demonstrated a statistically significant improvement in survival with more intensive therapy. However, overall survival of all patients with anaplastic thyroid cancer is dismal, and more intensive therapy leads to only small differences in median survival. This study has implications for patients and providers. The results call attention to the need for shared decisionmaking with informed patient participants. The risks and morbidity associated with each treatment (surgery, radiation, and chemotherapy) and the marginal expected improvement in survival should be explained to the patient. 19 Some patients and providers may decide that a 2-month prolongation of life approaches futility. 20 The aggressiveness of cancer care near the end of life has increased in recent years, 21 and yet a previous study evaluating other advanced cancers found that many patients receiving chemotherapy for incurable cancers do not understand that the chemotherapy is unlikely to be curative. 22 It is not known whether patients with anaplastic thyroid cancer understand that in most patients with the disease, the likelihood of cure with any treatment modality is low. For some patients, the chance of an improved median survival by 1 to 9 months may be worth any risk; for other patients, this marginal treatment benefit may not be worth The table illustrates the survival benefit of the addition of surgery followed by adjuvant therapy with radiation and chemotherapy. Due to small numbers, radiation only, chemotherapy only, and radiation plus chemotherapy are not included in the table.
the risks. 23 The poor overall survival of all patients with anaplastic thyroid cancer, regardless of treatment, emphasizes the need for informed patients whose preferences are incorporated into treatment decision-making.
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